Objective The administration of corticosteroids is a standard treatment for autoimmune hepatitis (AIH), but it can occasionally induce various adverse effects. Diabetes mellitus (DM) is a major complication of chronic liver diseases. We investigated the prevalence and risk factors of DM in patients with AIH. Methods We retrospectively analyzed 118 Japanese patients diagnosed with AIH from 1990 to 2014 at our institution. The prognosis of patients with and without DM was also compared. Results Twenty-nine (24.5%) patients had DM and 21 (72.4%) received corticosteroids. The annual cumulative incidence rate of newly diagnosed DM was 1.2%. Multivariate analysis showed that DM occurred in older patients [OR=6.290; 95% confidence interval (CI)=1.230-32.100; p=0.018] with higher serum immunoglobulin G levels (OR=12.400; 95% CI=2.560-60.400; p=0.002). A Cox hazard regression analysis revealed that predictive factors for DM were absence of other autoimmune diseases (OR=0.171; 95% CI=0.036-0.805; p=0.025), use of corticosteroids (OR=6.693; 95% CI=1.391-32.210; p=0.049) and lower platelet counts (OR= 3.873; 95% CI=1.021-14.690; p=0.046). The 10 year survival rates of the DM and non-DM groups were 94.1% and 94.6%, respectively. There was no significant difference between these groups (p=0.293). Conclusion DM occurred in 24.5% of patients with AIH; older age, absence of other autoimmune diseases and higher serum immunoglobulin G levels are risk factors. Taking corticosteroids and a lower platelet count are risk factors for a new onset of DM. DM did not influence the prognosis of AIH patients.
Introduction
Autoimmune hepatitis (AIH) is a chronic liver disease that was first reported by Waldenström in 1950 (1) . If left untreated, AIH progresses to liver cirrhosis and liver failure, whereas it has a relatively good prognosis if the patient is treated appropriately (2, 3) . The standard treatment for AIH is immunosuppressive therapy including corticosteroids and azathioprine (2, (4) (5) (6) . However, corticosteroids can cause adverse effects including diabetes mellitus (DM), immunosuppression, osteoporosis, hypertension, cataracts and glaucoma (7) .
Diabetes mellitus is a major complication of chronic liver diseases (8, 9) and should be considered because it is a risk factor for mortality in patients with chronic liver disease associated with cardiovascular disease, malignancy and liverrelated death (10) (11) (12) . A population-based study indicates that DM increases the overall mortality rate 2.3-30.8-fold in patients with chronic hepatitis B, alcoholic liver disease and non-alcoholic fatty liver disease (NAFLD) (11) . Although there are many reports regarding the prevalence of DM in patients with hepatitis C virus (HCV) infection (13) (14) (15) (16) (17) , hepatitis B virus (HBV) infection (18) , alcoholic liver disease (11, 19) and NAFLD (11, 20) , the incidence rate of DM in AIH has not been reported. The involvement of DM in HCV-infected patients is correlated with hepatic functional reserve (21, 22) . Moreover, the risk factors of DM in patients with AIH are also unknown.
This retrospective study aimed to clarify the prevalence and risk factors of DM in patients with AIH. 
Materials and Methods

Study population
A total of 118 consecutive patients diagnosed with AIH from 1990 to 2014 at our institution were enrolled in this retrospective study. All patients met the 1999 revised criteria of the International Autoimmune Hepatitis Group for a diagnosis of definite AIH (45 cases) or probable AIH diagnosed with a biopsy (73 cases) (23) . All patients underwent abdominal ultrasonography, and only one case was diagnosed as fatty liver disease without the use of a liver biopsy. Patients positive for hepatitis B surface antigen or HCV antibody and those that consumed too much alcohol were excluded. The patients were compared with those in a control group. The characteristics of the patients meeting the inclusion criteria are shown in Table 1 . The follow-up period ranged from 0 to 28 years (median, 8.8 years). Autoimmune disease-related complications included chronic thyroiditis in 14 cases, rheumatoid arthritis in eight cases, Sjögren's syndrome in eight cases and systemic lupus erythematosus in seven cases. There were only two cases of AIH-primary biliary cirrhosis overlap syndrome.
This study was performed in accordance with the principles of the Declaration of Helsinki. Written informed consent regarding the use of the data was obtained from each subject. Clinical data including serological and follow-up data were obtained from the hospital records for all cases. This study was approved by the Institutional Review Board of our hospital (approval number: RK-150414-2).
Clinical and histological assessments
The following factors were examined: gender, age, AIH score, aspartate amino transferase ( AST ) , alanine aminotransferase (ALT), alkaline phosphatase (ALP), bilirubin, albumin, platelet count and immunoglobulin G at the time of AIH diagnosis. Plasma glucose and hemoglobin A1c (HbA1c) were examined during the diagnosis of AIH and every three years thereafter. Anti-nuclear antibodies and smooth muscle antibodies were measured by indirect immunofluorescence, and cutoff titers were 1:40. AIH-primary biliary cirrhosis overlap syndrome was diagnosed based on previously reported criteria (24) . A diagnosis of liver cirrhosis was made based on a needle biopsy or imaging findings, combined with the use of serum markers (25) .
Liver tissue specimens were obtained by a needle biopsy in 83 of the 118 patients (70.3%). Histological assessments were performed by two pathologists. Liver fibrosis was evaluated using the METAVIR scoring system (26) . Fibrosis was rated on a 0-4 scale as follows: F0= no fibrosis; F1= portal fibrosis without septa; F2= portal fibrosis and a few septa; F3= numerous septa without cirrhosis; F4= cirrhosis.
Diabetes mellitus diagnosis
DM was diagnosed when a patient had a fasting plasma glucose level of 126 mg/dL or greater, had a non-fasting plasma glucose level of 200 mg/dL or greater or had an HbA1c level of 6.5% or greater. The patients were also considered to have diabetes if they used insulin or hypoglycemic drugs at the time of the survey. The values for HbA1c were unified with the National Glycohemoglobin Standardization Program (NGSP) values. The Japanese Diabetes Soci- 
Statistical analysis
The results are presented as the means ± standard deviation or as numbers. The significance of the differences in quantitative data was determined using the Mann-Whitney U-test, Fisher's exact probability test or multivariate logistic regression analysis. A multivariate analysis for diabetes was carried out by logistic regression. The cumulative development rates of malignancies were calculated using the Kaplan-Meier technique, and differences in the curves were tested using the log-rank test. The Statistical Program for Social Sciences software package (SPSS 11.5 for Windows, SPSS, Chicago, USA) was used to perform all statistical analyses. The level of significance was set at p<0.05.
Results
Prevalence and risk factors of diabetes mellitus
The total number of patients with DM in this study was 29 (24.5%), and 21 (72.4%) of them received corticosteroids. There was only one patient with type 1 DM. The patient was a 62-year-old man who tested negative for the presence of an anti-nuclear antibody. His anti-M2 of the anti-mitochondrial antibody (index) was 55.4. During the diagnosis of type 1 DM, the patient's anti-glutamic acid decarboxylase antibody level was 17.5 U/mL.
A comparison between patients with and without DM revealed that the DM group was older (p=0.004) and consisted of more men (p=0.025) than the non-DM group. Additionally, the absence of other autoimmune diseases (p= 0.014) and F3-4 (p=0.034) were more common in the DM group. Moreover, the DM group had a significantly higher serum immunoglobulin G level (p<0.001), and a lower platelet count (p=0.021) than did the non-DM group (Table 1).
Multivariate analysis showed that DM occurred in older patients [OR=6.290; 95% confidence interval (CI)=1.230-32.100; p=0.018] with higher serum immunoglobulin G levels (OR=12.400; 95% CI=2.560-60.400; p=0.002) ( Table 2 ).
Development of DM during the observation period
During the observation period, DM developed in 17 of 106 patients (16.0%). The cumulative incidence rate of newly diagnosed DM was 1.2% per year (10.7% and 16.7% at 5 and 10 years, respectively) (Fig. 1) . Of these patients, 76.5% started taking corticosteroids. The mean fasting plasma glucose level during the diagnosis of AIH and 3, 6, 9, 12, and 15 years later was 108.0±44.4, 119.0±34.2, 128.0±25.4, 117.0±25.4, 148.0±37.7 and 135.0±17.4 mg/dL, respectively. The mean HbA1c level (5 LC cases were excluded) was 6.0±1.0, 6.1±0.8, 6.1±0.6, 6.3±0.3, 6.3±0.7 and 6.3±0.6%, respectively (Fig. 2, 3 ). An analysis of fasting plasma glucose and HbA1c levels revealed no difference from the time of diagnosis to 15 years later.
A Cox hazard regression analysis revealed that predictive factors for DM were absence of other autoimmune diseases (OR=0.171; 95% CI=0.036-0.805; p=0.025), use of corticosteroids (OR=6.693; 95% CI=1.391-32.210; p=0.049) and a lower platelet count (OR=3.873; 95% CI=1.021-14.690; p=0.046) ( Table 3 ). 
Management and prognosis of DM in AIH
DM was treated with biguanides in two cases, dipeptidyl peptidase-4 inhibitors in 10 cases, sulfonylureas in four cases and insulin in five cases; a pioglitazone and glinide were administered in one case each. Two or more classes of drugs were administered in four patients.
Seven patients died during the observation period. Death occurred at a median of 9.5 years after diagnosis (range, 5-18 years) at a median age of 75.0 years (range, 66-83 years). The 10 year survival rates of the DM and non-DM groups were 94.1% and 94.6%, respectively. There was no significant difference between the DM and non-DM groups (p=0.293) (Fig. 4) . The causes of death were hepatocellular carcinoma in four cases and liver failure, sepsis and pneumonia in one case each.
Discussion
In the present study, the prevalence of DM in patients with AIH was 24.5%. The risk factors of DM were advanced age and a higher serum immunoglobulin G level. The predictive factors for a new onset of DM were consumption of corticosteroids, absence of other autoimmune diseases and a lower platelet count. The prognosis of AIH was not affected by DM. This study is the first to report the independent factors associated with DM in AIH.
The liver is the main organ associated with carbohydrate metabolism through gluconeogenesis and glycogenolysis. Hepatic dysfunction leads to glucose abnormalities, especially in chronic liver disease (8, 9) . Various chronic liver diseases are associated with DM (8, 9) . Many studies report that HCV increases the incidence of DM (13) (14) (15) (16) (17) . The hepatitis C virus induces DM through insulin resistance via a variety of direct and indirect mechanisms (12) . An estimated 1.4-46.7% of patients infected with HCV also have DM, and a meta-analysis shows HCV infection increases the risk of developing DM by approximately 1.7-fold compared to that in non-infected controls (16) . Diabetes mellitus also occasionally occurs in HBV-infected patients; previous studies indicate the prevalence rate of DM is 6.3-12% in HBV infection (13) (14) (15) 18) . However, a recent population-based cohort study suggested that HBV infection had no effect on DM development (27) . Moreover, the prevalence of DM in alcoholic liver disease and NAFLD ranges from 7.4 to 19% (11, 19) and 2.5 to 22.5% (11, 20) , respectively.
However, there are few reports in the literature about the prevalence and risk factors of DM in patients with AIH. A previous study from Sweden indicates that 8.7% of patients with AIH had DM (3), which is a lower incidence rate than that of the present study. The difference between these studies can be explained by the fact that the patients in the previous study were younger than our patients. Another study reports the incidence rate of DM in Japanese patients with AIH to be 15.0% (28) , which is similar to the present study. The risk factors of DM onset in patients with chronic liver disease are reported to be male sex, advanced age and the presence of cirrhosis (13, 14, 27, 29) . The present study revealed that advanced age, male sex and corticosteroid use were risk factors of DM (Table 3 ). These results suggest that liver fibrosis does not influence the onset of DM in AIH. We considered that aging might influence the elevation of HbA1c at nine years after baseline (Fig. 3) . Advanced age as a risk factor is consistent with the conclusions of published studies, and corticosteroid use, absence of other autoimmune diseases and higher serum immunoglobulin G levels are characteristic causes of AIH. Yoneyama et al. administered corticosteroids to 29 patients with AIH, and 11 experienced the onset of DM (6) .
Our data revealed that the presence of other autoimmune diseases lowered the incidence of DM. The development of type 2 DM has been considered to not have an autoimmune component (30) . A recent study showed gene variants predisposing patients to autoimmune diseases are not associated with the risk of developing type 2 diabetes (31). Although various antibodies such as anti-liver kidney microsomal antibodies (anti-LKM antibody) or anti-centromere antibody may be associated with DM, they were examined in only a small number of cases in this study. The association between the absence of autoimmune disease and onset of DM is unknown. The influence of immunoglobulin G on DM is also unclear. A recent study revealed that a lower serum immunoglobulin G level was associated with the onset of nondiabetic renal disease in patients with type 2 DM (32). It is necessary to consider autoimmune hepatitis induced by antidiabetic drugs (33) . However, it is important to note that there are no published studies describing autoimmune phenomena caused by antidiabetic agents.
The standard treatments for DM with chronic liver diseases are metformin and insulin (34) . Metformin is a firstline therapy for type 2 DM in obese patients. Although metformin occasionally induces lactic acidosis, this appears to be most prevalent in patients with cirrhosis and current alcohol overuse (35) . Metformin is otherwise likely to be reasonably safe. Despite an increased risk of hypoglycemia, insulin therapy is safe and the most effective antihyperglycemic therapy for patients with chronic liver disease (36) . Dipeptidyl peptidase-4 inhibitors are a new class of hypoglycemic drugs that reduce glucagon and blood glucose levels by increasing incretin levels. However, their efficacy and safety remain unknown. The prognosis of AIH with appro-priate treatment is good, and our data suggest DM worsens in such patients. We believe it is more important to administer antihyperglycemic drugs than reduce or withdraw corticosteroids, because insufficient corticosteroid use can lead to hepatic inflammation relapse.
There are several limitations associated with this study. First, more than half of the AIH subjects did not undergo a liver biopsy. Autoimmune hepatitis was diagnosed according to the 1999 revised criteria. Second, this was a single-center study and therefore requires external validation. Third, oral glucose tolerance tests were not performed in most patients. Although the oral glucose tolerance test is adequate for precisely diagnosing type 2 DM, it is still not routine in AIH subjects because of increased cost and inconvenience. The main strength of the present study is the long follow-up period.
In conclusion, DM occurred in 24.5% of patients with AIH, and male sex, absence of other autoimmune diseases and a higher serum immunoglobulin G level are risk factors for DM. Taking corticosteroids and a lower platelet count are risk factors for a new onset of DM.
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